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METHOD AND APPARATUS FOR TESTING PCBA SUBCOMPONENTS 
BACKGROUND OF THE INVENTION 

1. The Field of the Invention 

[0001] The present invention relates to systems, methods, and apparatus for testing 
optical transmitter, receiver, and transceiver components. In particular, the present 
invention relates to testing printed circuit board assembly subcomponents. 

2. Related Technoiogy 

[0002] Fiber optic technology is increasingly employed as a method by which 
information can be rehably transmitted via a communications network. Networks 
employing fiber optic technology are known as optical communications networks, and 
are marked by high bandwidth and reliable, high-speed data transmission. 
[0003] Generally, multiple fiber optic components are designed to accomplish 
different aspects of these aims. For example, an optical transceiver has both optical 
sending and optical receiving capabilities, and can include one or more optical 
subassemblies ("OSA") such as a transmitter optical subassembly ("TOSA"), and a 
receiver optical subassembly ("ROSA"). Typically, each OSA is created as a separate 
physical entity that includes electrical circuitry for handling and converting the 
appropriate electrical and optical signals. Within the optical transceiver, each OSA 
generally includes electrical connections to various additional components such as a 
transceiver substrate, sometimes embodied in the form of a printed circuit board 
("PCB"). 

[0004] The transceiver substrate can include multiple other active circuitry 
components particularly designed to drive or handle electrical signals sent to or 
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returning from one or more of the electrically-attached OSAs. Accordingly, such a 
transceiver substrate will usually include a number of electrical transmission lines along 
with the one or more OSAs. These transmission lines are connected between the 
transceiver substrate and the OSA using different types of electrical connectors. 
[0005] Assembling optical transceiver devices from optical components can include 
complicated and costly manufacturing processes. Due at least in part to the 
manufacturing complexity, assembled optical transceivers are often tested prior to use. 
For example, in order to ensure that an optical transceiver device is suited for an 
intended use, the manufacturer will often put the optical transceiver device through 
extensive testing procediu-es. The testing procedures are typically designed to ensure 
that optical transceiver devices are properly assembled, and to ensure that the optical 
transceiver device will perform properly within certain parameters. Optical transceiver 
tests often include a trained human tester using a testing apparatus, such as an 
"evaluator board", that is designed to simulate an operating environment. 
[0006] Typically, "evaluator boards" are printed circuit boards that include a 
number of components such as one or more active circuitry components, one or more 
^ mounting positions for an optical device and, in some cases, one or more computerized 

w S < ^ ^ X system connection ports (e.g., a serial or parallel port, etc.). Evaluator boards, however, 
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^ > u B ^' can be complex and therefore difficult to configure, particularly for testing small form 
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g S ^ w < 2 factor ("SFF") printed circuit board assembly ("PCBA") subcomponents, including 
I ^ ^ small form factor pluggable ("SFP"), and 10 gigabit small form factor ("XFP") PCBA 
subcomponents. 

[0007] For example, general testing procedures and apparatus often require 
additional parts to fit on or around an assembled optical transceiver device, such as 
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downward or sideward mounting clamps that would moimt around an OSA. Testing 
apparatus may also require other circuitry (in additional to circuitry already present on 
an evaluator board) such as one or more electrical connection interfaces that are placed 
beside or mounted over the assembled optical transceiver device, in order to couple the 
evaluator board to connector pins extending from the optical transceiver device. 
[0008] Due to the complexity associated with mechanically configuring these types 
of testing apparatus, trained personnel may be required to appropriately operate the 
testing apparatus. Thus, an entity that desires to use these types of testing apparatus 
must expend resources to hire skilled personnel or altemately train personnel in the 
appropriate skills. 

[0009] Beside mechanical configuration complexities and difficulties, other 
disadvantages exist with present testing procedures and apparatus. One disadvantage is 
that an evaluator board may not diagnose the source of a test failure such as, for an 
assembled optical transceiver, with sufficient specificity. Thus, the specific 
components within, for example, the assembled optical transceiver, causing the test to 
fail may not be identified. Accordingly, the manufacturer may need to disassemble the 
device and further analyze each subcomponent in the failed device to identity the cause 
of the test failure. 

[0010] However, the cost of disassembly and further analysis of components may 
be prohibitive as compared to assembling and testing a new PCBA subcomponent. 
Thus, the manufacturer may simply throw the failed device away. Non-specificity of 
test results can be further exacerbated when a manufacturer delegates the manufacturing 
of subcomponents, such as of the transceiver substrate, to a third party. For example, 
faulty testing information about the source of PCBA subcomponent failure may cause 
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the manufacturer to easily waste time and money evaluating working subcomponents, 
and may create difficulties when trying to designate replacement costs to any third-party 
subcomponent manufacturers. 

[0011] Accordingly, an advantage can be realized with systems and methods that 
allow a manufacturer to accurately diagnose errors in the components of small form 
factor PCBA subcomponent. In particular, an advantage can be realized with systems 
and methods that are easily implemented by a subcomponent manufacturer, and allow 
the subcomponent manufacturer to diagnose errors in subcomponents prior to assembly 
on the relevant PCBA. 
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BRIEF SUMMARY OF THE INVENTION 
[0012] In general, embodiments of the present invention are directed to methods 
and apparatus for testing PCBA, such as a substrate of an optical transceiver, a module 
interface board (MIB), a test coupon board, and any other similar such board. More 
particularly, an evaluator module in accordance with aspects of the present invention 
allows a subcomponent manufacturer to more easily detect and diagnose errant printed 
circuit board assembly (PCBA) subcomponents prior to installing the subcomponents in 
the relevant PCBA device, such as, for example, an optical transceiver. 
[0013] In one embodiment, an evaluator module for testing transceiver 
subcomponents includes an electrical connection receptacle moimted on an evaluator 
board, such as a printed circuit board. The evaluator module also includes a connection 
base mounted on the evaluator board, where the connection base has an upper, exposed 
surface and a lower surface mounted against the evaluator board. The upper, exposed 
surface is formed to allow the subcomponent to connect face downward, such that the 
upper surface of the subcomponent mounts directly against a connection base. 
[0014] The evaluator board can include one or more electrical connection points 
that extend through the coimection base from the evaluator board. The electrical 
connection points provide electrical contacts to the subcomponent that is to be tested. 
The electrical points also protrude through the evaluator board to circuitry on an 
underside, or lower surface, of the evaluator board, hence allowing use of circuitry on 
both an under surface and an upper surface of the evaluator board. 
[0015] The evaluator board can also include one or more positioning components, 
such as one or more stoppers at a point adjacent to an electrical receptacle, and one or 
more guides adjacent to the connection base. The stoppers and guides can help guide 
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the subcomponent to be positioned appropriately against the one or more electrical 
connection points. A retractable clamp positioned substantially over the exposed 
surface of the connection base helps to secure the subcomponent against the electrical 
connection points while a user tests the subcomponent. 

[0016] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be obvious from the description, or may be 
learned by the practice of the invention. The features and advantages of the invention 
may be reahzed and obtained by means of the instruments and combinations 
particularly pointed out in the appended claims. These and other features of the present 
invention will become more fully apparent from the following description and appended 
claims, or may be learned by the practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] In order to describe the manner in which the above-recited and other advantages 
and features of the invention can be obtained, a more particular description of the 
invention briefly described above will be rendered by reference to specific 
embodiments thereof which are illustrated in the appended drawings. Understanding 
that these drawings depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its scope, the invention will be described and 
explained with additional specificity and detail through the use of the accompanying 
drawings in which: 

[0018] Figures lA-lB illustrate different views of one implementation of an evaluator 
board in accordance with aspects of the present invention; 

[0019] Figures 2A-2B illustrate different views of one implementation of a PCBA 
subcomponent that can be tested in accordance with aspects of the present invention; 
[0020] Figures 3A-3C illustrate connecting a subcomponent to an evaluator board in 
accordance with aspects of the present invention; 

[0021] Figures 4A-4B illustrate securing a connected subcomponent to an evaluator 
g board in accordance with aspects of the present invention; and 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0023] The present invention is directed to systems and apparatus for testing PCBA, 
such as a substrate of an optical transceiver, a module interface board (MIB), a test 
coupon board, and any other similar such board. More particularly, an evaluator 
module in accordance with aspects of the present invention allows a subcomponent 
manufacturer to more easily detect and diagnose errant printed circuit board assembly 
(PCBA) subcomponents prior to installing the subcomponents in the relevant PCBA 
device, such as, for example, an optical transceiver. 

[0024] Figure lA illustrates a top view of an evaluator board 100 in accordance 
with aspects of the present invention. In general, evaluator board 100 can be a 
substantially planar device comprising materials and components that are suited for 
simulating a PCBA subcomponent environment. For example, the evaluator board 100 
can comprise materials that relay electronic data between a computerized system that is 
connected to the evaluator board and circuitry mounted on the PCBA subcomponent to 
be tested. As such, one exemplary configuration of the evaluator board 100 is a silicon- 
based printed circuit board ("PCB") upon which are mounted one or more components 
Pi for receiving the PCBA subcomponent to be tested, and upon which are mounted other 
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^ [0025] For example, to implement testing functions through the evaluator board 

100, the evaluator board 100 can comprise one or more active and/or passive circuitry 
components 150, such as one or more memory modules, one or more microprocessors, 
one or more capacitors or resistors, and so forth. To pass data signals between 
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components 150, the evaluator board 100 can also comprise one or more circuit lines 
152 that provide communicable connections between each of the different components. 
In addition, to connect the evaluator board 100 to a computerized system (e.g., Figure 
5), the evaluator board 100 can include one or more computerized system connection 
interfaces 160, such as a serial, parallel, universal serial bus ("USB") ports and the like. 
[0026] By way of explanation and not of limitation, the evaluator board 100 can be 
described in terms of having an "upper surface" 105 that is exposed directly to a tester, 
and an opposing "lower surface" 1 10 that is not exposed directly to the tester. One will 
appreciate, however, that the terms "upper" and "lower" are only arbitrary designations 
that provide convenience in describing aspects of the evaluator board 100. Thus, in 
some circumstances, either surface (e.g., 105 and 110) of the evaluator board 100 will 
be generally acceptable for use as an "upper" or "lower" surface. 
[0027] Continuing with Figure 1 A, the figure shows that an evaluator board 100 can 
comprise an electronic receptacle 120 mounted on the upper surface 105 of the 
evaluator board 100. . In exemplary implementations for testing a gigabit form factor 
("XFP") subcomponent, the electronic receptacle 120 can receive edge connector pads, 
g For example, referring briefly to Figures 2 A and 2B electrical receptacle 102 can 

wS^l^x receive connector pads 280. Of course, the electronic receptacle 120 can also be 
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configured to receive any subcomponent to be tested, such as a receptacle for a single or 
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< S 1 2 g ^ dual pin header, as well as a lead firame (not shown), or any other type of connectors 

^ that can be used in other form factor components, and so forth. 

[0028] The evaluator board 100 also includes a subcomponent mounting assembly 
that comprises connection base 130. Connection base 130 comprises a mounting 
surface for receiving the subcomponent to be tested. A clamp assembly 140 for 
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securing the subcomponent against the connection base 130 is shown extending over the 
connection base 130. The clamp assembly 140 can be any type of securing means 
suitable for securing the subcomponent against the connection base 130. As illustrated 
in Figure lA, however, the securing means includes a clamp assembly 140 having a 
depressible arm 142 and a retractable clamp head 145, which can be depressed upon the 
connection base 130. 

[0029] One or more electrical connection points 135 and an optional guide post 132 
are also depicted in Figure lA. The electrical connection points 135 can be placed so as 
to contact various conductive positions on the subcomponent to be tested, as 
appropriate. The guide post 132 can provide a convenient mechanical fixture for 
ensuring that the electrical connection points 135 are positioned correctly against the 
subcomponent to be tested. Similar to the function provided by guide post 132, the 
evaluator board 100 can also include one or more stoppers 122 that extend from the 
upper surface 105 of the evaluator board 100. The one or more stoppers 122 can be 
configured to help guide an electrical connector (e.g., an edge connector) on the given 
subcomponent to be tested into the electronic receptacle 120. In at least one 
implementation, the one or more stoppers 122 prevent the subcomponent to be tested 
from being inserted too far into the electronic receptacle 120. 

[0030] Figure IB shows a bottom view of the evaluator board 100, primarily from 
the perspective of the lower surface 110. As shown, multiple different legs 115 can be 
mounted to the underside of the lower surface 110. Legs 115 can, in some 
embodiments, be geared primarily so that components 170 that are mounted beneath the 
evaluator board 100 will not be touched by another surface (not shown). In other 
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embodiments, legs 115 can be configured to fit into appropriate receiving surfaces on 
another surface (not shown) so that the evaluator board 100 will not slide during testing. 
[0031] Like the upper surface 105, lower surface 110 can also include other active 
and passive circuitry components 165 and 170 such as micro controllers, capacitors, a 
resistors, and so forth. As such, perforations 155 between the lower surface 110 and 
upper surface 105 allow electrical circuitry 152 to conmiunicably connect components 
150 on the upper surface 105 of the evaluator board 100 with the lower surface 110 
components 165 and 170. Perforations 155, therefore, help facilitate data 
communications between any given circuitry components mounted on any side of the 
evaluator board 100. Similarly, electrical connection points 135 can be configured to 
extend between both the upper surface 105 and the lower surface 110 of the evaluator 
board 100. This can also provide a direct conununication link fi-om a given 
subcomponent to be tested to any given active or passive circuitry component on the 
evaluator board 100 without the aid of additional circuitry. Implementing both surfaces 
of the evaluator board in this manner can provide an efficient use of available evaluator 
board space. 

g [0032] Figures 2A and 2B illustrate two different views of a PCBA subcomponent 
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w 2 < o i = to he tested, such as a transceiver substrate 200. In at least one implementation of the 
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shown in Figure 2A, for example, the subcomponent 200 is a printed circuit board 
having etched electrical circuit traces 282 on a subcomponent surface 205, and 
including an end configured as an edge connector 280. The etched circuit traces 282 
provide conununicable electrical connections between active and/or passive circuitry 
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components 285, such as an avalanche photo diode, a laser bias control, a laser driver, 
one or more capacitors and resistors, and so forth. 

[0033] The subcomponent 200 can also be manufactured such that one or more 
notches 221 are configured to abut one or more stoppers 122 when the subcomponent 
200 is placed on the evaluator board 100. This abutment between notches 221 and 
stoppers 122 can prevent the subcomponent 200 from sliding too far into electronic 
receptacle 120, and therefore ensure an appropriate electrical connection. In addition, 
as will be discussed in greater detail in Figures 3B-3C, the subcomponent 200 can also 
include one or more receiving portions 234 in the subcomponent 200 that can help 
guide the subcomponent 200 into an appropriate position on the connection base 130. 
In at least one embodiment, receiving portions 234 can be perforations that are 
configured to receive a guide post. 

[0034] As shown in Figure 2B, the subcomponent can further include different 
active and/or passive circuitry components 292 mounted on an opposing surface 210, 
such as a microcontroller 290, and one or more resistors, capacitors, etc. One will 
appreciate, however, that the number and type of components that are placed on a given 
g subcomponent surface 205 and 210 can be based on a manufacturer's preference, and is 

w 2 < I ^ 3; therefore not limiting. Furthermore, for descriptive purposes in this disclosure and 
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g ^ t S 3 subcomponent 200, and surface 210 will be understood to be an "upper" surface of a 
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^ transceiver subcomponent 200. One will also appreciate that the designations of 

"upper" and "lower" are arbitrary designations that can vary from one subcomponent to 
another. 
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[0035] Figures 3A through 3C illustrate connecting sub-component 200 to the 
evaluator board 100, in accordance with at least one aspect of the present invention. As 
shown in Figure 3A, for example, an edge connector portion 280 can be positioned so 
that the edge connector portion 280 slidably fits into an electronic receptacle 120. As 
previously described herein, stoppers 122 help guide the subcomponent 200 into 
position by preventing the subcomponent 200 - at subcomponent notches 221 - from 
going too far into the electronic receptacle 120. 

[0036] The stoppers 122 can also help guide the subcomponent 200 onto other 
electrical connections at the opposing end of the subcomponent 200, such that when the 
subcomponent abuts one or more stoppers 122, the subcomponent 200 is positioned 
appropriately over connection base 130. As depicted, the subcomponent 200 can be 
inverted so that the upper surface 205 rests directly on the connection base 130. As 
such, the lower surface 210 of the subcomponent is exposed to the user. 
[0037] In particular. Figure 3B illustrates subcomponent 200 above connection base 
130 before subcomponent 200 has been inserted into electronic receptacle 120. The 
arrows indicate the direction of receptacle 120 relative to coimection base 130. Since, in 
this configuration, upper surface 205 aces toward the evaluator board 100, guidepost 
132 is configured to insert into the corresponding receiving portion 234 in the 
subcomponent 200. Hence, the guidepost 132 can help secure the subcomponent 200 
against the connection base 130 when the subcomponent 200 is in the appropriate 
position (Figure 3C). Thus, slidably positioning subcomponent 200 into a substantially 
fitted position against the connection base 130 can result in the subcomponent mounting 
to evaluator board 100. 
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[0038] Figure 3C illustrates subcomponent 200 as secured in receptacle 120. As 
shown in Figure 3C, therefore, when the subcomponent is aligned appropriately, 
guidepost 132 fits within receiving portion 234, and connection points 135 align against 
conductive elements (e.g., circuit traces 282) on the subcomponent 200. In this 
orientation, an electrical connection can be made between connection points 135 and 
the subcomponent edge connector pads 280, which are mounted inside the electronic 
receptacle 120. 

[0039] Figures 4A and 4B illustrate securing a connected subcomponent 200 to the 
evaluator board 100 using an exemplary clamping assembly 140. In Figure 4A, for 
example, a subcomponent 200 is mounted into position onto the connection base 130. 
A tester (e.g., a human tester) can then depress a handle 142, which pulls the handle 142 
away from the clamping head 145. As shown in Figure 4B, when the handle 142 is 
fully depressed, the clamping head 145 presses directly against the subcomponent 200, 
which in turn allows for secure electrical contacts between the subcomponent 200 and 
the electrical connection points 135. 

[0040] Figure 5 illustrates an environment for testing PCBA subcomponents. The 
environment of Figure 5 includes a computer system 500. Cable 502 can be connected 
from an appropriate interface port at computer system 500 to port 160. Accordingly, 
cable 502 can facilitate communication between computer system 500 and evaluator 
board 100. A human tester can then log into the computer system 500 and send 
conraiands to evaluator board 100. Computer system 500 can include a user interface 
configured to receive user commands and, in response, simulate various different 
environments for the transceiver component substrate 200. Thus, human test can test 
the component substrate under various (and potentially adverse) conditions before the 
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component substrate 200 is assembled into a PCBA device. Embodiments of the 
present invention, therefore, provide cost effective and efficient solutions for testing 
PCBA subcomponents before assembling the given subcomponents into a 
corresponding PCBA device. 

[0041] The present invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are to 
be considered in all respects only as illustrative and not restrictive. The scope of the 
invention is, therefore, indicated by the appended claims rather than by the foregoing 
description. All changes which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 
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